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Abstract—In this paper, we propose a method to forecast the
future of time series data using Transformer. The forecast
can be widely utilized in various areas, such as product
demand prediction and pandemic analysis of infectious dis-
eases. Many methods have been proposed to analyze the time
series data such as ARIMA and neural network. Especially,
the Transformers has been attracting researcher’s attention
to analyze the time series data in recent years.

In order to precisely forecast the future, a large amount
of data is required, but in some cases, such as retail stores,
enough data is not always available. Therefore, in this
research, we propose a model that combines two types
of Transformers ,such as time and space Transformers,
to supplement prediction from the relationship between
the data. The Time Transformer makes predictions based
on the sales performance of the target product, and The
Space Transformer infers the relationship between the target
product and the others.

In experiments, we showed that the proposed model
improved the prediction performance over the ARIMA and
the conventional Transformers in the task of predicting the
volume of the sales one week ahead.
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ZEDREINT.

—7, Simple(Theta) & REFEZ KT 5L, &5
LDOT =Xy MIXLTH, Space Transformer %
W R ETFED A sMAPE, CORR & HIZiEL TW
4. LCORR Ofit, CORR IZHARTHEALTWVWB Z &
75, Space Transformer A S 5 Z & THHlpE & D H
M)A X5 T, GUAFHIZEBMTE S L5124
7=l R EI N

xR 1: HEl X TOFEMZ AW FHIEE

Dataset Store Item Retail Data

EFL AW | T BERE [ VH R
ARIMA sMAPE | 0.063 - 0.132
CORR 0.884 - 0.307

LCORR | 0.928 - 0.489 -

LSTM sMAPE | 0.053 0.029 0.089 0.005

CORR 0.943 0.064 0.654 0.017

LCORR | 0.896 0.041 0.609 0.020

Simple SMAPE | 0.075 0.022 0.189 0.054

CORR 0.857 0.033 0.333 0.099

LCORR | 0.821 0.028 0.408 0.144

Simple(Theta) sMAPE | 0.028 0.006 0.111 0.008

CORR 0.986 0.002 0.581 0.023

LCORR | 0918 0.008 0.369 0.041

Simple(ZP4i) sMAPE | 0.063 0.014 0.229 0.034

CORR 0.925 0.009 0.559 0.037

LCORR | 0.958 0.005 0.383 0.037

RETE SMAPE | 0.024 0.002 0.099 0.013

CORR 0.987 0.002 0.675 0.038

LCORR | 0.930 0.012 0.517 0.046

6: P 1 OFHRER

7: Simple ®
Attention Score

8: Simple(Theta) D
Attention Score

¥ 5 (Z Retail Data D& 3 12T 5K ET LD T
WEDZS 7R RT. 757 ONENA IRGER, BT
WEUEZHETHS., £, MBPOEBRPEMRETDH D,
ZOMDENRBZETIVOFHEEZRLTWS. 757 %
RBaE, 158EMEDRFELINT 2Ty, 20H
HAHEDIRGEEAEA T B AT LT, #faTRL-
ARIMA ETMWIZ LB FHllX, ThEhDELIZH LT
ENTTFHEIT->TWAZ AR TES, —H, B
TRUZBEFEICLSZ TP, FEBTERLUZLSTM
IZEBFHNE, TNS5OEDRE B FHTE
TWB I WERTE 5.

5. ZR

Transformer I1Z & 5 FHIZHEWT, ASIT— X % iR
ERTRHATAZ LT, FHIEREXMELTWS. Zh
1%, [4] THRZE X N7z Transformer XA SIZHEEED R Y b
WERELTWSRGEEHE RS, £7, Self Attention
ENTEZ WS 728, cos EELEIZEDONTT — XD
HEBROEBEZ2HE L TWS., TDHT — X%
il LTTIEARL, RZMVEUTERZEODHELRD
5. FD=, HEZDOEFEFHAWS LD H Attention DG
BT > 72D TR\ WA & F X 5. Layer Normalization
WZDOWTH AT, IEHLOBRIHEXE DR D ERIX



HATULES. 2070, HidEe UTEKRE R
5D TIFRL, MitHe UTEH®RZ R 2 0ERH -7
& Z 5. Store Item DG LIZX LT, B2 ZDFZF
Mo & U7z Simple &, fEZAAHE UL THW
Simple(Theta) TFifll % 17 - 72BR D, Attention 2 I 7 %
72X 81z 9. X 61X, Store Item DE M 1 129
% Simple & Simple(Theta) D FHIFEHR %2 KL 72X TH
D, MHPOHFRD, ZHEDZEDMEN 1 DFEED
fill, REHRAY Simple D FHIFER, #FfRAHY Simple(Theta) D
FHFERZRLTWD., LT, M7 & 8I%, Simple
& Simple(Theta) ® Time Transformer N T L 7z Self
Attention DFERZ L = <y FIZL-EDTH B, KD
Mt & A Z N ENREZITH 0, KANOMEH, Ml
Kl A3 729 AR B 2 BRI Z TR U722 £ L
TW5., FILEWI Y, Attention DA 2T HMEL, 72
HLHEBEIEL, HRIEWIZE Attention DA 37 M
L, BEREREWZ EERLTWS., £, KP4
FIZBL T, REDBFRTHB7-0, SATBDnr-o
THEY, HIZh->TWwWa., M%EFH%L, Simple(Theta)
T, #FIRIZ Attention Score D K E W& T A L/NX
WEZAPFEIELTWS. B 1 ORGEREIVNS <74
3 200 B fHE D F |l % 47 5 BRiz, 200, 150, 100, 50,
0 AfF3E D Attention Score XK E L R>TW5. P 1
ik, MS0ETEEED S0, FHITHHEDETDM
&, 1 ARG, 2 BeG, 3 A, 4 AT Ez S
BMULTWa. 7z, lREREVPE—27 2R 5 225 HAff
WEDFHTIE, 225, 175, 125, 75 EfFED Attention
Score MR EL o TWE., ZHIZOWTHEREIZ, A
EOME 1 FRT, 2 AfAnT, 3 AfsioEz 2R T
WA ZEWERTE S, 1 FRTOMEIE, FHIFEAOME
CHEAEBLT WS 2D, ETNVET—XOWE %Y
TETWVWBEFR5.

— /i T Simple @ Attentoin Score # i5 &, #HT®D
AR Z 25 DD, EORESIZE TS Score 231E
EAEELL LT WA, 50, 100, 150, 200 % 4L
EFRRIZBWVWT, 2D NE D EFOEMBHEL,
Attention Score W R E K R-oTWA., TN, Bl D
INFRENNS SRR - LTWa, Tbb, €
TEEDERDFHRNZBENTERRENPNES BT
ROMEZMOME DV ETFEGELT, FHILTWS. e
BEORZWVWRHHIZOWTIE, WEDIGEED K S WA
BTN, EEEZLEZTNDD, TN
RRIT—2OMEZ+PICFEETETWEEIER
o, UL, IGEED/NE K B EOMERIMUT WS
b IhcEETETWS, OB LT, ANl
F—REMEE LTEOE FTEHIZHHLEZEAIC
BWTH, /—FEZEIEKRLUEZERIZ, =a—F)xvy b
7 — 2 DME S MATERE DT ICEE U DTS
WireEZ7. UL, AJ17— %% Embedding Layer
THRMHICE#RT S Z 2T, T—X% &0 IEMEICAHEE
WIZEHTE 5728, Simple(Theta) D fiH3T — X DM
BryHcs, PRI ELZOTERWAEHE
5.

Time Transformer DA% W2 ET IV L D %, Space
Transformer % F\ 72235 Tl % 4T 5 € TNV D A DR
MNED -7z, T—REDWGE, HEDRRIT—
RDA”IZE, EEELIITZ V. 2L, FET—
RIZ)ARXDET, T—RXADONYVZT—a vzl
722 UTH, ZTOWRRIT—RXBPARERO>HEE K
EbH LR\, D78, Space Transforme |2 & - TIRR
W7 —2AMHETYHEZ T LD D Z L RERZ 572D
TR WhrEEZT-.

%12, ARIMA €5 )b, LSTM €5V &, REF

HEOHBE %475, ARIMA ETFIVIZFRIOBRIZ, HiZHE
UHAIDRIDEZ BT 5. EBIZ, ARIMA €TI0
FHNZ, $RTHETCORR &9 EH LCORR DIF > A
E\W. ARIMA 7 UV EMORMER-GE & 5 X T\
WS THD, FFELHIRLTE—2I2BBREDZFS 20
5 Z EIEFHITE R\, — 5 TLSTM *° Transformer T
&, ZORZNEC T, WED YOI ESRTNIE X
WHREZoNB720, FHlEXOFRRIITS ZENT
5. LSTM 1%, AN ZEZBRNZIEST 5728, @mED
%2 EESRT 5 Z PRV, —F, BEFHETIR
IR R 12 D\ T, Self Attention % FH\NT, 412 4L
MEFS57-0, BEOMEEZTOEIERT I MARET
H5. FD=, Store Item D & 5 72 A BMER T —
KR LT, MEEEL FHT 2 Z 2 R -720
Tl WheEZ -, EZBRIZ, X8 Tl i, 2 FEl
IO Attention A AT WEL R->TH YD, TDOHEETHI
WZHWS Z AR T W5,

6. UIV

AR T Transformer % X— 2 IZ L= FHIETILD
W 24T 572, AT =X o LWL -REES, M
BERD 2 IRTIZHRR L, HMTRET LI LT, iz
HoEE LTCZDEETHWS &b & FHRIMEGED M Ed
5ZrmRUE. 72, RRIIGROFEE %1TD Time
Transformer & Ff2%1] 7 — X [EDORERN: %2 %28 9 5 Space
Transformer % flAGHE S Z & T, KEHMIZETS
T =R PPN TF— Xty MIEWT, Time Transformer
DAZEANE LD FHMHENPE ETEZ 2R U

Positional Encoding X°> € 7LD ./ — N D i 72 /%
TA—R—PRRE, LOPNHAED LS 14 ZA0#HE
FHIZOWTIESHBOBEE T 5.
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